I N T R O D U C T I O N
In an attempt to isolate a mutant of Neurospora crassa deficient in an oligopeptide transport system, we instead isolated a mutant sensitive to L-p-tyrosine and tyrosine-containing peptides such as glycyl-L-leucyl-tyrosi sine.
A stock of the tyrosine-sensitive (tyr-s) mutant described in this study has been deposited with the Fungal Genetics Stock Center, California State University, Humboldt, Arcata, California 95521, U.S.A. as ~~~~2 7 3 5 .
Cultures of the mutant may be obtained from them or by writing directly to the authors. The mutant was originally isolated in a leu-3 (Fcsci 125) background as unable to grow on the tripeptide glycyl-L-leucyl-L-tyrosine as a source of leucine. It was subsequently found that growth of the leu-3; tyr-s double mutant on exogenously-supplied leucine was inhibited if either free L-p-tyrosine or glycyl-L-leucyl-L-tyrosine were simultaneously present. Although a preliminary characterization of tyr-s has not revealed the nature of the biochemical lesion, it has shown the potential value of this particular mutant in the isolation of other mutations (Wolfinbarger & Marzluf, 1975) .
M E T H O D S
The filtration enrichment procedure of Catcheside (1954) was employed in the isolation of the tyr-s mutation. The auxotroph, leu-3, was mutagenized with ultraviolet light to greater than go % kill and introduced into a bubble culture containing Vogel's minimal medium N (Vogel, 1956) containing 2 % (w/v) sucrose and the tripeptide glycyl-L-leucyl-L-tyrosine at 0.33 mM. After 5 days of filtration and incubation, the remaining cells were sedimented by centrifugation and spread on sorbose-sucrose ( I ' 5 % : 0.1 %, w/v) minimal medium plates containing L-leucine at 0.33 mM and incubated at 30 O C until colonies appeared. Individual colonies were cultured and retested for growth on the tripeptide and on other peptides containing leucine. All such isolates hydrolysed peptides at a rate comparable to the parent leu-3 and a wild type (suqf,a).
The method of testing for growth on various compounds containing leucine or tyrosine has been previously described (Wolfinbarger & Marzluf, 1974) .
Analysis of amino acid pools was performed on hot water extracts of mycelia using a Beckman 7 2 1 amino acid analyser and standard analyser procedures. Mapping of the tyr-s locus Because the mutation to tyrosine sensitivity was present in a leucine auxotrophic background, it was first necessary to separate the two mutations by crossing the double mutant to a wild type and selecting for tyrosine-sensitive prototrophs. Evaluation of progeny from this cross revealed the tyr-s was linked to the leu-3 locus on linkage group I and mapped 14 to 15 map units from it. Because leu-3 is reportedly 10 map units to the left of the mating type locus (Neurospora Newsletter, vol. 19, 1972) , the progeny from the cross of leu-3; tyr-s to wild type were also scored for mating type (as a classical 3 point cross) and tyr-s was found to map 20 to 26 map units from mating type. Thus, the genetic data indicate that the tyr-s locus is on linkage group I and in the order tyr-s, leu-3, mating type (reading from left to right).
Short communication
Sensitivity of tyv-s to L-p-tyrosine The absence of the leu-3 mutation permitted a more precise evaluation of the tyrosine sensitivity, particularly since leucine and tyrosine are transported in N . crassa by the same transport systems. The tyr-s mutant is extremely sensitive to L-p-tyrosine, growth being inhibited more than 80 % by concentrations as low as 0.07 mM (Fig. I ). Wild type was not significantly inhibited by L-p-tyrosine over the concentration range employed. Because of their common biosynthetic pathways we tested tyr-s for growth inhibition by L-phenylalanine and L-tryptophan. Neither of these two amino acids inhibited growth of tyr-s to a greater degree than they inhibited growth of the wild type, even at concentrations approaching I mM. Although we routinely used L-p-tyrosine in the growth assays, the tripeptide glycyl-Lleucyl-L-tyrosine yielded qualitatively similar results.
A possible mechanism for sensitizing a prototrophic mutant to L-p-tyrosine might be an inhibition of the synthesis of some essential metabolite. The amino acids tryptophan, tyrosine and phenylalanine (as well as p-aminobenzoic acid) are all synthesized via a common pathway (Baker, 1968) , and a biochemical consequence of the tyr-s mutation could be an inability to synthesize L-tryptophan or L-phenylalanine. To test this possibility, growth of tyr-s in the presence of various combinations of these three amino acids was examined. Tryptophan and tyrosine had no effect, but L-phenylalanine at concentrations as low as It might be argued that phenylalanine is competing with tyrosine for transport since they are both transported by common systems. We feel that this is not the case, however, because of several lines of evidence : (i) The tripeptide glycyl-L-leucyl-L-tyrosine is transported by an oligopeptide transport system which is not subject to inhibition by L-phenylalanine (Wolfinbarger & Marzluf, 1974 , 1975 ), yet L-phenylalanine reverses the growth inhibition of tyr-s by the L-p-tyrosine contained in the tripeptide in a manner equivalent to reversal of growth inhibition by free L-p-tyrosine.
(ii) The reported K,n values for L-p-tyrosine and L-phenylalanine transport are nearly equal (Wiley & Matchett, I 966; Wolfinbarger, unpublished data) ; nevertheless, L-phenylalanine, at a concentration only one-tenth that of the L-p-tyrosine present, almost completely reversed the growth-inhibitory effect of L-p-tyrosine. (iii) L-Tryptophan, which is also transported by the systems common to L-p-tyrosine, does not reverse the growth inhibition of tjlr-s by L-p-tyrosine.
Assays of chorismate niutase activity
Since the inclusion of L-p-tyrosine in the growth medium renders tyr-s a functional phenylalanine auxotroph, the tyr-s phenotype may be due to an alteration in the enzyme chorismate mutase (the enzyme converting chorismic acid to prephenic acid and reportedly subject to feedback inhibition by both tyrosine and phenylalanine, Baker, 1966) such that L-p-tyrosine completely feedback-inhibited its activity. Several considerations, however, argue against this explanation. Firstly, a structural gene mutant (pt) for chorismate mutase, which is thought to be a single subunit enzyme (Baker, 1968) , has been isolated and mapped on linkage group IV (Colburn & Tatum, 1969, whereas tyr-s maps on linkage group I. Secondly, we assayed chorismate mutase activities, using the technique described by Cotton & Gibson (1965) , in crude cell extracts of tyr-s and in wild type and found them to be similar in activity and in their sensitivity to 'feedback inhibition' by L-p-tyrosine. Finally, the presence of L-p-tyrosine in the external medium did not lower the internal pool of biosynthetic phenylalanine (as measured by an amino acid analysis of amino acid pools) in tyr-s. The internal pool of tyrosine under these conditions expanded rapidly in both tyr-s and the wild type.
Tvrosine transport and nietabolism Efects of substituted derivatives of tyrosine A variety of analogues and substituted derivatives of tyrosine were examined for their effects on tyr-s. Both L-m-and L-p-tyrosine, but not L-o-tyrosine, inhibited growth of tyr-s (Table I ). The L-o-tyrosine is presumed to enter the cell, as it stimulated growth, of both the wild type and tyr-s, over that observed on minimal medium. Several other analogues, such as L-p-tyrosine methyl ester, clearly inhibited growth of tyr-s; however, it was not determined whether they were metabolically converted to L-tyrosine or were themselves inhibitory,
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D I S C U S S I O N
We have not identified the biochemical lesion responsible for the sensitivity of tj'r-s to very low concentrations of tyrosine. The arom double mutants reported by Doy (Doy, 1968; Hoffman, Doy & Catheside, 1972) were sensitive to individual aromatic amino acids; however, this sensitivity required the presence of two mutant genes. We have found that chorismate mutase is present in normal amounts and shows normal feedback inhibition properties in tyr-5. This mutant also seems to have a normal endogenous pool of phenylalanine, tyrosine and other amino acids.
The inability of L-o-tyrosine to mimic L-p-tyrosine in growth inhibition, or L-phenylalanine in reversal of that inhibition, implies considerable specificity of action. It is unlikely that the enzymes prephenate dehydrogenase (prephenic acid to hydroxyphenylpyruvic acid) or prephenate dehydratase (prephenic acid to phenylpyruvic acid) are involved, since the structural genes for these mutants, tyr-I andphen-2, map on linkage group 111 (Baker, I 968 ; Barratt et al., 1954) . We have not examined the effects of L-p-tyrosine on charging of L-phenylalanine to its respective tRNA rnolecule(s).
Because the mutant confers sensitivity to an amino acid it possesses considerable potential for the isolation of other mutants. For example, mutants resistant to glycyl-L-leucyl-Ltyrosine and similar tyrosine-containing ,oligopeptides might show deficiencies in peptide transport or intra-cellular peptide hydrolysis (Wolfinbarger & Marzluf, I 975) : since dipeptides in general fail to enter Neurospora cells (Wolfinbarger & Marzluf, rg74), isolation of mutants sensitive to glycyl-L-tyrosine might result in a strain capable of transporting dipeptides. The ability of several of the tyrosine analogues to inhibit growth is also potentially valuable. For example, isolation of a mutant in a tyr-s background which is resistant to Ltyrosine methyl ester or to L-tyrosine-O-sulphate and yet still sensitive to L-p-tyrosine, could yield a mutant with reduced or missing es terolytic or aryl sulphatase activity, respectively.
